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ACTIVE MATRIX OLED DRIVING CIRCUIT
USING CURRENT FEEDBACK

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a driving circuit for a flat
panel display and, more particularly, to an active matrix
organic light emitting diode AMOLED driving circuit using
current feedback that ensures the uniformity of brightness in
pixels of a flat panel display and shortens the time required for
inputting accurate current to the respective pixels in the driv-
ing circuit.

2. Description of the Related Art

An Organic Light Emitting Diode (OLED) is an element
for a flat panel display that has attracted attention recently
because it has several merits, that is, it has excellent viewing
angle and contrast ratio, it is thin and lightweight, it has low
power consumption and can be fabricated at a lower cost.

OLED is an element from which light emission is regulated
based on the current applied thereto, and is classified into a
passive matrix method and an active matrix method in view of
the method of driving the OLED.

In the active matrix method, the voltage for controlling the
current applied to the OLED is charged in a capacitor and the
charged voltage is kept until a new signal is applied to a
subsequent frame.

A conventional pixel circuit and a driving circuit using an
OLED having such characteristics will now be described with
reference to U.S. Pat. Nos. 5,748,160 and 6,433,488.

FIG. 1 s a basic pixel circuit, depicted in the former, which
constitutes a panel having the form of an MxN matrix.

M scan lines SCAN and N data lines Vdata exist in the
panel, wherein N pixel circuits in a single row are coupled in
parallel to a single scan line SCAN, and M pixel circuits are
coupled in parallel to a single data line Vdata.

A driving transistor T1 implemented using a thin film tran-
sistor TFT controls the current applied to an OLED. Since the
driving transistor T1 and the OLED are connected in series to
each other, the current flowing in the driving transistor T1 is
identical to that flowing in the OLED.

The current of the driving transistor T1 can be controlled
by a voltage data line Vdata suitable to the current-voltage
characteristic curve of the driving transistor T1.

Besides, the magnitude of the current of the driving tran-
sistor T1 is controlled by the input voltage applied from a
switching transistor T2, and the input voltage is charged in a
storing capacitor Cs, and then maintained until a subsequent
frame starts.

However, in the conventional pixel circuit, the amount of
current applied through the same input voltage may vary due
to differences between the threshold voltages of the driving
transistors, each having one TFT per pixel, thus causing non-
uniformity of brightness in the respective pixels.

Accordingly, a current driving method has been proposed
to solve such non-uniformity of driving currents due to the
differences between the characteristics including the thresh-
old voltages in the respective pixels.

In the voltage driving method depicted in FIG. 1, a voltage
for controlling the current to be applied to the OLED is input,
whereas, in the current driving method, the current to be
applied to the OLED is itself input.

Accordingly, the desired current can be applied to the
OLED regardless of differences between the threshold volt-
ages of the respective driving transistors and variation in
current mobility.
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FIG. 2 shows a driving circuit employing the current driv-
ing method using current feedback according to U.S. Pat. No.
6,433,488.

A driving part, except for the pixel circuit in FIG. 2, exists
in the respective columns of a panel, to which M pixel circuits
are coupled in parallel. The selection of pixel circuits to be
driven among the M pixel circuits is made in response to a
scan signal SCAN.

A transistor T1 is a driving transistor and transistors T2, T3
and T4 are switching transistors. When the scan signal SCAN
is high, transistor T4 is turned off, whereas transistors T2 and
T3 are turned on, thus forming a loop comprising transistors
T1 and T2, a current comparator, a transistor T3 and an
organic light emitting diode.

Here, the current flowing in the driving transistor T1 is a
current IOLED applied from a current source IOLED, and a
current to be newly input is a current IREF from a current
source IREF. Accordingly, the current comparator compares
the two currents to apply a control voltage V. to a gate node
of the transistor T1.

The control voltage V5 applied to the gate node of the
transistor T1 varies IOLED, which consequently converges to
IREF, and corresponding voltage is charged in a capacitor Cs.

However, since a plurality of pixel circuits is connected to
one driving circuit of FIG. 2, considerable parasitic capaci-
tance is generated in the data line and in the input of the
current comparator.

The parasitic capacitance makes it difficult to secure the
stability of the feedback loop and increases the overall
response time of'the circuit, thus affecting the time required to
input current to the pixel circuits.

Particularly, in the case of'a larger sized panel, since amuch
greater number of pixel circuits is coupled to one driving
circuit, which results in increased parasitic capacitance, it is
very difficult to secure the stability of the feedback loop and
the current input speed.

Besides, as the number of pixel circuits per driving circuit
is increased, the useful time for updating information in a
pixel circuit is reduced. Accordingly, securing the current
input speed becomes the most important issue because the
current should be input within the reduced time.

More particularly, the current range of the parasitic capaci-
tance of the current driving part (the parasitic capacitance of
the anode node of the OLED) is within IOLED, and the
current amount is no more than several nA to several pA.
Accordingly, if the driving current is not supplemented in this
node, it causes considerable difficulty in securing the current
input speed.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made keeping
in mind the above problems occurring in the prior art, and an
object of the present invention is to provide an Active Matrix
Organic Light Emitting Diode (AMOLED) driving circuit
using current feedback that ensures brightness uniformity of
pixels in a flat panel display by inputting accurate currents to
respective pixels by comparing the current flowing in the
respective pixels with the current of input data, so that differ-
ences between the pixels are minimized.

Another object of the present invention is to provide an
AMOLED driving circuit using current feedback, which
shortens the time required to input current by increasing the
charge and discharge speeds of each node.

To accomplish the objects of the present invention, there is
provided an Active Matrix Organic Light Emitting Diode
(AMOLED) driving circuit using current feedback, compris-
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ing a current digital-to-analog converter outputting a current
corresponding to input digital data; a first differential ampli-
fier connected to the current Digital-to-Analog Converter
(DAC) and adapted to perform a control operation to cause
current of input data to be identical to a driving current of a
driving transistor of a pixel circuit; a current mirror mirroring
a driving current of a light emitting device of the pixel circuit
to an input side of the first differential amplifier; and a second
differential amplifier coupled to the current mirror and
adapted to control charge and discharge speeds of a parasitic
capacitance of the pixel circuit.

Preferably, the first differential amplifier may be imple-
mented using an operational amplifier, an inverting input
terminal of which is disposed between the DAC and an output
terminal of the current mirror, a non-inverting input terminal
of which is connected to a predetermined constant voltage,
and an output terminal of which is coupled to a gate terminal
of the driving transistor of the pixel circuit.

Preferably, the current mirror may comprise a first transis-
tor, a drain terminal and a gate terminal of which are coupled
to each other, and a source terminal of which is coupled to an
output terminal of the second differential amplifier, the first
transistor receiving the driving current of the light emitting
device of the pixel circuit; and a second transistor, a drain
terminal of which is coupled to an output terminal of the
current DAC, and a gate terminal and a source terminal of
which are coupled to the gate terminal and the source terminal
of the first transistor, respectively.

Preferably, the second differential amplifier may be imple-
mented using an operational amplifier, an inverting input
terminal of which is coupled to the current mirror, a non-
inverting input terminal of which is coupled to a predeter-
mined constant voltage, and an output terminal of which is
connected to the current mirror.

Further, to accomplish the objects of the present invention,
there is provided an Active Matrix Organic Light Emitting
Diode (AMOLED) driving circuit using current feedback,
comprising a current Digital-to-Analog Converter (DAC)
outputting a current corresponding to input digital data; a first
differential amplifier connected to the current DAC and
adapted to perform a control operation to cause current of
input data to be identical to driving current of a driving tran-
sistor of a pixel circuit; a current mirror mirroring a driving
current of a light emitting device of the pixel circuit to an
input side of the first differential amplifier; a second difter-
ential amplifier connected to the current mirror and adapted to
control charge and discharge speeds of a parasitic capacitance
of'the pixel circuit; and a loop regulator disposed between the
current DAC and an output terminal of the current mirror, thus
securing stability of a feedback loop implemented based on
the current mirror.

Preferably, the loop regulator may comprise a resistor con-
nected in parallel with each other between the current DAC
and an output terminal of the current mirror; and a capacitor
connected in series with the resistor.

Further, to accomplish the objects of the present invention,
there is provided an Active Matrix Organic Light Emitting
Diode (AMOLED) driving circuit using current feedback,
comprising a current Digital-to-Analog Converter (DAC)
outputting a current corresponding to input digital data; a first
differential amplifier connected to the current DAC and
adapted to perform a control operation to cause current of
input data to be identical to driving current of a driving tran-
sistor of a pixel current; a current mirror mirroring driving
current of a light emitting device of the pixel circuit to an
input side of the first differential amplifier; a second difter-
ential amplifier connected to the current mirror and adapted to
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control charge and discharge speeds of a parasitic capacitance
of the pixel circuit; a plurality of compensation capacitors
connected in parallel with each other between an inverting
input terminal and an output terminal of the first differential
amplifier, and required to divide an entire range of data cur-
rent into a plurality of intervals; a plurality of switches con-
nected in series with the compensation capacitors, respec-
tively; and a switch controller controlling a switching
operation of the switches.

Preferably, the switching operation of the switches may be
controlled in response to bits of the input digital data.

Further, to accomplish the objects of the present invention,
there is provided an Active Matrix Organic Light Emitting
Diode (AMOLED) driving circuit using current feedback,
comprising a current Digital-to-Analog Converter (DAC)
outputting a current corresponding to input digital data; a first
differential amplifier connected to the current DAC and
adapted to perform a control operation to cause current of
input data to be identical to driving current of a driving tran-
sistor of a pixel circuit; a current mirror mirroring driving
current of a light emitting device of the pixel circuit to an
input side of the first differential amplifier; a second differ-
ential amplifier connected to the current mirror and adapted to
control charge and discharge speeds of a parasitic capacitance
of'the pixel circuit; an initial state capacitor and a steady state
capacitor connected in parallel with each other between an
inverting input terminal and an output terminal of the first
differential amplifier; a switch connected to the initial state
capacitor or the steady state capacitor in response to an input
control signal; a buffer amplifier maintaining voltages of the
initial state capacitor and the steady state capacitor at a volt-
age of the inverting input terminal of the first differential
amplifier; and a comparator comparing a gate voltage of the
driving transistor of the pixel circuit with a predetermined
constant voltage, thus outputting the control signal required
to control a switching operation of the switch.

In addition, to accomplish the objects of the present inven-
tion, there is provided an Active Matrix Organic Light Emit-
ting Diode (AMOLED) driving circuit using current feed-
back, comprising a current Digital-to-Analog Converter
(DAC) outputting a current corresponding to input digital
data; a plurality of pixel circuits connected in parallel with
each other, and adapted to divide time into a plurality of
intervals and to assign the intervals in response to a signal; a
first differential amplifier connected to the current DAC and
adapted to perform a control operation to cause current of
input data to be identical to driving current of a driving tran-
sistor of each pixel circuit; a current mirror mirroring driving
current of a light emitting device of the pixel circuit to an
input side of the first differential amplifier; a second differ-
ential amplifier connected to the current mirror and adapted to
control charge and discharge speeds of a parasitic capacitance
of'the pixel circuit; and a loop regulator disposed between the
current DAC and an output terminal of the current mirror and
adapted to secure stability of a feedback loop implemented
based on the current mirror.

Preferably, each of the pixel circuits is implemented so
that, as a number of pixel circuits to be driven for a preset time
is increased by a factor of k, time assigned to a single pixel
circuit is decreased by factor of k.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will be more clearly understood from the
following detailed description taken in conjunction with the
accompanying drawings, in which:
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FIG. 1 shows a conventional general pixel circuit;

FIG. 2 depicts a driving circuit according to a conventional
current driving method;

FIG. 3 is a circuit diagram showing an AMOLED driving
circuit using current feedback in accordance with the present
invention;

FIG. 4 is a circuit diagram depicting a complementary
circuit of the circuit of FIG. 3;

FIGS. 5 and 6 are circuit diagrams showing other embodi-
ments of an AMOLED driving circuit using current feedback
in accordance with the present invention;

FIG. 7 is a circuit diagram showing an embodiment of a
scheme for controlling switches in a compensation part using
the differential amplifier of FIG. 5;

FIG. 8 is a circuit diagram showing an example in which
the AMOLED driving circuit using current feedback accord-
ing to the present invention is applied to a pixel circuit;

FIG. 9 is acircuit diagram showing an example of a method
of driving a plurality of pixel circuits using any one of
AMOLED driving circuits using current feedback according
to the present invention; and

FIG. 10 is a diagram showing the driving method of FIG. 9
implemented in the form of a matrix in a panel.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, a detailed description of the present invention
will be made with reference to the attached drawings. The
present invention is not restricted to the following embodi-
ments, and many variations are possible within the spirit and
scope of the present invention. The embodiments of the
present invention are provided in order to more completely
explain the present invention to anyone skilled in the art.

FIG. 3 is a circuit diagram showing an AMOLED driving
circuit using current feedback in accordance with the present
invention.

As shown in the drawing, the AMOLED driving circuit
using current feedback comprises a current Digital-to-Analog
Converter (DAC) 100 receiving n-bit input digital data to
output current having n-bit resolution, and causing the output
current thereof to flow toward the ground; a first differential
amplifier 200 performing a control operation to cause the
current of input data to be identical to the driving current of a
driving transistor T1 of a pixel circuit 1, a current mirror 300
mirroring the driving current of a light emitting device (Or-
ganic Light Emitting Diode: OLED) to the input side of the
first differential amplifier 200; a second differential amplifier
400 controlling the charge and discharge speeds of the para-
sitic capacitance C,, of the pixel circuit 1; and a loop regulator
500 connected between the output side of the current mirror
300 and the current DAC 100 and adapted to secure the
stability of a feedback loop implemented based on the current
mirror 300.

The first differential amplifier 200 is implemented using an
operational amplifier A1, the inverting input terminal (=) of
which is disposed between the output terminal of the current
DAC 100 and the output terminal of the current mirror 300,

the non-inverting input terminal (+) of which is connected to
a predetermined constant voltage VB2, and the output termi-
nal of which is coupled to the gate terminal of the driving
transistor T1 of the pixel circuit 1.

The current mirror 300 includes a transistor M1, the drain
terminal and gate terminal of which are coupled to each other
and the source terminal of which is coupled to the output
terminal of the second differential amplifier 400, and a tran-
sistor M2, the drain terminal of which is coupled to the output
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terminal of the current DAC 100, and the gate terminal and
source terminal of which are connected to the gate terminal
and the source terminal of the transistor M1, respectively.

The second differential amplifier 400 is implemented using
an operational amplifier A2, the inverting input terminal (-)
of'which is coupled to the drain terminal of the transistor M1,
the non-inverting input terminal (+) of which is coupled to a
predetermined constant voltage VB1, and the output terminal
of which is coupled to the source terminals of the transistors
M1 and M2.

The loop regulator 500 includes a resistor Rc and a capaci-
tor Cc, and performs a function of compensation in order to
secure sufficient loop stability.

In accordance with the present invention, constructed as
described above, since the pixel circuits for inputting currents
as depicted in FIG. 1 are coupled in parallel, the parasitic
capacitances are sharply increased in the case of a larger sized
panel, and are approximated to parasitic capacitances C; and
Cp.

Transistors T2, T3 and T4 in the pixel circuit 1 are switch-
ing transistors, wherein the transistors T2 and T3 are con-
trolled in response to a scan signal SCAN and the transistor
T4 is controlled in response to a scan bar signal DON, which
is an inverted signal of the scan signal SCAN.

While the scan signal SCAN is high, the scan bar signal
DON becomes low to form a loop composed of transistor
T1-transistor T3-transistor M1-transistor M2-operational
amplifier A1, thus inputting the current through current feed-
back.

After the scan signal SCAN becomes low, the scan bar
signal DON becomes high and the OLED keeps the light
emitted based on the magnitude of input current until a sub-
sequent frame starts.

Moreover, 1, denotes the current input to the pixel cir-
cuit 1, and 1 ,; z, denotes the current presently flowing in the
OLED.

Ifthe magnitudes of I, , -, and I ,; -, are the same, the voltage
at a node A is identical to the constant voltage VB2 of the
non-inverting input terminal (+) of the operational amplifier
Al.

If the magnitudes of 1,,,,, and 1,z are different from
each other, the voltage at node A is varied to thus change the
output of the operational amplifier A1. The changed output of
the operational amplifier Al is input to control the driving
transistor T1. Based on the output of the operational amplifier
A1, the voltage VGS between the gate and source terminals of
the driving transistor T1 is varied to control 1, -, thus con-
verging to I,z

For example, if 1, is larger than 1, -, the voltage at
node A is decreased to a ground voltage, and the output
voltage of the operational amplifier A1 increases. Since the
output of the operational amplifier A1 becomes the gate volt-
age of the driving transistor T1, VGS of the driving transistor
T1 increases. As a result, the magnitude of I, -, increases.

If 1,7, is smaller than I, -, the voltage at node A is
increased toward the earth and the output voltage of the opera-
tional amplifier A1 decreases. Accordingly, VGS of the driv-
ing transistor T1 decreases and the magnitude of I,; -
decreases.

Accordingly, when applying a new I, ., I, zp, increases
and decreases repeatedly to eventually converge to 1, as
time goes by.

Like this, when inputting current without using negative
feedback, the parasitic capacitance C; is charged and dis-
charged based on the magnitude of input current, which
results in a slow progress, however, when using the negative
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feedback, it remarkably improves the charge and discharge
speeds of the parasitic capacitance C of the pixel circuit 1 by
virtue of the current driving capability of the operational
amplifier Al.

Moreover, the operational amplifier A2 functions to
improve the charge and discharge speeds of the parasitic
capacitance C, of the pixel circuit 1.

That is, the output of the operational amplifier Al varies the
drain current of the driving transistor T1, so that a difference
is created between the drain current of the driving transistor
T1 and the drain current of the transistor M1 of the current
mirror 300, thus changing the voltage at node B.

To regulate the current I, -, so that the magnitude thereof
is rapidly controlled in response to the output of the opera-
tional amplifier A1, the voltage at node B should be rapidly
restored. For this, a negative feedback circuit, composed of
the transistor M1 of the current mirror 300 and the operational
amplifier A2, is used.

For example, if the drain current of the driving transistor T1
is increased, the voltage at node B decreases to the ground
voltage and the output voltage of the operational amplifier A2
increases.

Accordingly, VGS of the transistor M1 increases to output
higher drain current, thus charging the parasitic capacitance
C, more rapidly.

That is, the current of the transistor M1 is highly responsive
to variations in current of the driving transistor T1.

Meanwhile, the loop’s stability is a key point in a structure
having positive feedback. Particularly, in the case 10 of a
larger sized panel, it is difficult to secure the stability due to
the larger parasitic capacitances and resistances.

To overcome the above drawback, the resistor Rc and the
capacitor Cc of the loop regulator 500 execute a function of
compensation in order to secure sufficient loop stability. That
is, dominant pole compensation is made via the capacitor Cc
and zero compensation is carried out via a combination of the
resistor Rc and the capacitor Cc, thus providing sufficient
bandwidth. Consequently, it is possible to secure stability by
achieving a good response of the circuit and a sufficient phase
margin.

FIG. 4 is a diagram depicting a complementary circuit of
the circuit of FIG. 3. Since the complementary circuit of FIG.
4 operates according to the same principle and in the same
manner as the structure of FIG. 3, a detailed description
thereof will be omitted here.

FIG. 5 is acircuit diagram showing another embodiment of
an AMOLED driving circuit using current feedback accord-
ing to the present invention. Since the loop characteristics
vary with the magnitude of data current I, ,,,, uniform com-
pensation for all data current cannot be expected through
compensation using only the resistor Rc and the capacitor Cc
of the loop regulator 500 proposed in FIG. 3. That is, com-
pensation using the circuit of FIG. 3 may cause a problem in
which the response time increases or stability decreases
depending on the range of data current.

Therefore, there is a need to reduce differences between
loop characteristics by varying the levels of compensation
according to the magnitude of data current. FIG. 5 is a circuit
diagram showing this requirement, and illustrates a structure
in which the loop regulator 500 is removed from the circuit
diagram of FIG. 3, and Miller compensation is applied using
n capacitors C1 to Cn.

As shown in the drawing, the AMOLED driving circuit
comprises a Digital-Analog Converter (DAC) 100 receiving
n-bit input digital data to output current having n-bit resolu-
tion, and causing the output current thereof to flow toward the
ground, a first differential amplifier 200 performing a control
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operation to cause current of input data to be identical to the
driving current of a driving transistor T1 of a pixel circuit 1, a
current mirror 300 mirroring the driving current of a light
emitting device (OLED) to the input side of the first differ-
ential amplifier 200, a second differential amplifier 400 con-
trolling the charge and discharge speeds of the parasitic
capacitance C, of the pixel circuit 1, n compensation capaci-
tors C1 to Cn connected in parallel with each other between
the inverting input terminal (-) and the output terminal of the
first differential amplifier 200 and adapted to divide the entire
range of data current into n intervals, n switches SW1to SWn
connected in series with the compensation capacitors C1 to
Chn, respectively, and a switch controller 600 controlling the
switching operation of the switches SW1 to SWn.

In the embodiment of the driving circuit of FIG. 5 having
the above construction, the entire range of data current is
divided into n intervals, and the n compensation capacitors C1
to Cn correspond to the intervals, respectively, and thus any
one of the compensation capacitors is selected using the
switches SW1 to SWn, depending on the magnitude of the
data current. The switches SW1 to SWn, connected to the
compensation capacitors C1 to Cn, are controlled by the
switch controller 600.

That is, since the embodiment of FIG. 5 is implemented to
divide the range of data current into n intervals, variation in
the magnitude of current decreases during a single interval in
proportion to the number of intervals, and differences
between loop characteristics also decrease. In FIG. 5, a
description of components identical to those of the embodi-
ment of FIG. 3 is omitted.

FIG. 6 is a circuit diagram showing another embodiment of
an AMOLED driving circuit using current feedback accord-
ing to the present invention, and illustrates an embodiment for
reducing the delay time occurring due to the charging/dis-
charging of the compensation capacitors of FIG. 5.

In FIG. 5, if data current varies, the voltage at node A also
varies, thus output current varies while the entire loop is
operated. For high speed operation, there is a need to vary the
voltage at the node A quickly. Factors influencing the speed of
voltage variation include the capacitances of the compensa-
tion capacitors C1 to Cn, connected to the node A, and the
magnitude of the current I, ,,. As I,,,, decreases, the time
delay increases, so that such a problem must be solved, espe-
cially in a low current region, and a structure for solving the
problem is shown in FIG. 6.

As shown in the drawing, the AMOLED driving circuit
comprises a current Digital-Analog Converter (DAC) 100
receiving n-bit input digital data to output current having n-bit
resolution, and causing the output current thereof to flow
toward the ground, a first differential amplifier 200 perform-
ing a control operation to cause current of input data to be
identical to the driving current of a driving transistor T1 of a
pixel circuit 1, a current mirror 300 mirroring the driving
current of a light emitting device (OLED) to the input side of
the first differential amplifier 200, a second differential
amplifier 400 controlling the charge and discharge speeds of
the parasitic capacitance C,, of the pixel circuit 1, an initial
state capacitor Cn.a and a steady state capacitor Cn.b con-
nected in parallel with each other between the inverting input
terminal (-) and the output terminal of the first differential
amplifier 200, a switch SW1 connected to the initial state
capacitor Cn.a or the steady state capacitor Cn.b in response
to an input control signal, a buffer amplifier A3 maintaining
the voltage of the initial state capacitor Cn.a and the steady
state capacitor Cn.b at the voltage of the inverting input ter-
minal (-) of the first differential amplifier 200, and a com-
parator COMP1 comparing the gate voltage of the driving
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transistor T1 of the pixel circuit 1 with a predetermined con-
stant voltage VCOM, thus outputting the control signal
required to control the switching operation of the switch
SW1.

The bufter amplifier A3 has an output terminal, which is
connected to the switch SW1 and is also connected to the
inverting input terminal (-) of the buffer amplifier A3, and has
a non-inverting input terminal (+), which is connected to the
inverting input terminal (=) of the first differential amplifier
200.

The comparator COMP1 is implemented so that the non-
inverting input terminal (+) thereofis connected to the output
terminal of the first differential amplifier 200, and a predeter-
mined constant voltage VCOM is input to the inverting input
terminal () thereof.

In the embodiment of FIG. 6, having the above construc-
tion, Cn denotes any one of the n compensation capacitors C1
to Cn shown in FIG. 5.

In this case, Cn=Cn.a+Cn.b is satisfied, and the initial state
capacitor Cn.a has a capacitance sufficiently lower than that
of the steady state capacitor Cn.b. As the capacitance of the
node A increases, the time required to charge or discharge the
capacitor increases, so that only the initial state capacitor
Cn.a is connected to the node A at the initial stage, thus
increasing the speed at which the voltage at the node A varies.

Since stability cannot be secured using only the initial state
capacitor Cn.a, the steady state capacitor Cn.b is connected to
the node A at the time point when the state of the node A
approaches a steady state. The steady state is monitored using
the comparator COMP1.

That is, at the time point at which the gate voltage of the
driving transistor T1 intersects the predetermined constant
voltage VCOM, which is applied to the inverting input termi-
nal (-) of the comparator COMP1, the steady state capacitor
Cn.b is connected to the initial state capacitor Cn.a through
the switch SW1.

In other words, the steady state capacitor Cn.b is connected
to the output terminal of the buffer amplifier A3 at the initial
stage, and is then connected to the initial state capacitor Cn.a
at the time point at which the gate voltage of the driving
transistor T1 intersects the predetermined constant voltage
VCOM.

Meanwhile, at the time of the connection, if the voltage of
the initial state capacitor Cn.a is different from that of the
steady state capacitor Cn.b, a time delay occurs again in a
procedure for making the two voltages identical to each other.
Accordingly, the voltage of the steady state capacitor Cn.b is
maintained at the voltage at the node A by the bufter amplifier
A3 until the steady state capacitor Cn.b is connected to the
initial state capacitor Cn.a.

In FIG. 6, a description of components identical to those of
the embodiment of FIG. 3 is omitted.

As described in detail above, since the non-uniformity of
brightness between the respective pixels in a flat panel display
results from differences between the characteristics of thin
film transistors (TFTs) constituting the respective pixels, the
present invention has been invented to provide a feedback
circuit capable of inputting accurate current to the respective
pixels in the flat panel display by comparing the current
flowing in the pixel via a current mirror with input current,
using a current feedback method, to minimize differences
between respective pixels, thus ensuring the uniformity of
brightness in the pixels of the flat panel display.

Moreover, in order to solve the problem in which data input
speed is decreased due to the parasitic capacitances and resis-
tances caused mainly in a large panel, and which has not been
solved in a conventional driving circuit, the present invention
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is provided to shorten the charge and discharge speeds of
nodes loaded with the data currents by charging and discharg-
ing the voltages of the nodes of the capacitances and resis-
tances using an operational amplifier, thus reducing the time
required to input accurate currents to the respective pixels in
the driving circuit.

FIG. 7 is a circuit diagram showing an embodiment of a
scheme for controlling switches in a compensation part using
the differential amplifier of FIG. 5.

As shown in FIG. 7, the scheme for controlling switches in
the compensation part is implemented to use a number of
compensation capacitors C1 to Cn corresponding to the num-
ber of bits of input digital data, and to use the bits of the input
digital data as on/off signals for the switches SW1 to SWn
corresponding to the capacitors C1 to Cn.

Ifthe switches SW1 to SWn are controlled in this way, the
compensation capacitors C1 to Cn are variously combined
with each other.

For example, if input data bits are 101101, the total capaci-
tance value of the capacitors is given by C1+C3+C4+C6.

Since 2" combinations can be obtained using n compensa-
tion capacitors by applying the above method, the bandwidth
can be more finely adjusted.

In this case, the number of capacitors does not necessarily
need to be equal to the number of data bits, and may be less
than the number of data bits. However, in this case, a separate
logic circuit is preferably required to allow the capacitors to
operate in all data regions.

FIG. 8 is a circuit diagram of an example in which the
AMOLED driving circuit using current feedback according
to the present invention is applied to a pixel circuit.

As shown in the drawing, FIG. 8 illustrates an example in
which the driving circuit of the present invention is applied to
a conventional pixel circuit. The basic operating principles
thereof are equal to those in FIG. 3, but the voltage of the
cathode of a diode must be maintained using a predetermined
constant voltage VB1 in order to turn off the light emitting
device (OLED) during the operation of inputting current.

FIG. 9 is a circuit diagram showing an example of a method
of driving a plurality of pixel circuits using any one of various
AMOLED driving circuits using current feedback according
to the present invention, and FIG. 10 is a diagram showing the
driving method of FIG. 9 implemented in the form of a matrix
in a panel.

As shown in the drawings, k pixel circuits existing in the
same row are driven by a single driving circuit. A single
driving circuit to be operated is determined in response to
signals SCAN 1 to SCAN k.

Since the number of pixel circuits 1, 1', 1" to be driven for
a preset time is increased to k, the time assigned to a single
pixel circuit is decreased by a factor of k, and thus the driving
circuit must secure speed that is increased by a factor of k, in
order to use such a method.

Accordingly, the present invention provides the following
advantages.

First, the present invention overcomes the non-uniformity
of brightness in respective pixels resulting from differences
between the characteristics of the driving transistors consti-
tuting the respective OLED pixel circuits through a method of
applying current directly to respective pixel circuits. Accord-
ingly, it is possible to apply a uniform amount of current to
respective pixels, even when the characteristics of the driving
transistors constituting the respective pixels are different
from one another, or even when the characteristics vary as
time goes by, thus maintaining the uniformity of brightness of
the pixels.
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Second, in the case of a conventional structure that drives
the circuit by applying current, the feedback loop stability and
the current input speed are subject to limitations due to the
parasitic capacitances existing in OLED anodes, and it is
more difficult to apply the conventional structure to a larger
sized panel. However, the present invention increases the
current input speed by charging and discharging the parasitic
capacitances rapidly and efficiently and, at the same time, can
be applied to a large sized panel, in which the magnitude of
parasitic capacitance is geometrically increased, using the
current driving method.

As described in detail above, the present invention has been
disclosed herein with reference to preferred embodiments,
however, it will be understood by those skilled in the art that
various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

What is claimed is:

1. An Active Matrix Organic Light Emitting Diode
(AMOLED) driving circuit using current feedback, compris-
ing:

a current Digital-to-Analog Converter (DAC) outputting a

current corresponding to input digital data;

a first differential amplifier connected to the current Digi-

tal-to-Analog Converter (DAC) and adapted to perform
a control operation to cause current of input data to be
identical to a driving current of a driving transistor of a
pixel circuit,

wherein the first differential amplifier is implemented

using an operational amplifier, an inverting input termi-
nal of which is disposed between the DAC and an output
terminal of the current mirror, a non-inverting input
terminal of which is connected to a predetermined con-
stant voltage, and an output terminal of which is coupled
to a gate terminal of the driving transistor of the pixel
circuit;
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a current mirror mirroring a driving current of a light emit-
ting device of the pixel circuit to an input side of the first
differential amplifier,

wherein the current mirror comprises a first transistor, a
drain terminal and a gate terminal of which are coupled
to each other, and a source terminal of which is coupled
to an output terminal of the second differential amplifier,
the first transistor receiving the driving current of the
light emitting device of the pixel circuit and a second
transistor, a drain terminal of which is coupled to an
output terminal of the current DAC, and a gate terminal
and a source terminal of which are coupled to the gate
terminal and the source terminal of the first transistor,
respectively; and

a second differential amplifier connected to the current
mirror and adapted to control charge and discharge
speeds of a parasitic capacitance of the pixel circuit,

wherein the second differential amplifier is implemented
using an operational amplifier, an inverting input termi-
nal of which is coupled to the current mirror, a non-
inverting input terminal of which is coupled to a prede-
termined constant voltage, and an output terminal of
which is connected to the current mirror;

a plurality of compensation capacitors connected in paral-
lel with each other between an inverting input terminal
and an output terminal of the first differential amplifier,
and required to divide an entire range of data current into
a plurality of intervals;

a plurality of switches connected in series with the com-
pensation capacitors, respectively; and

a switch controller controlling a switching operation of the
switches.

2. The AMOLED driving circuit using current feedback
according to claim 1, wherein the switching operation of the
switches is controlled in response to bits of the input digital
data.



